Abstract-A detailed study of the lipid composition of sedimentary and water particulate samples of a dilute alkaline lake (Santa Olalla Lagoon, Guadalquivir Delta, southwestern Spain) has allowed the identification and quantitation of about 300 compounds reflecting predominant inputs of organic matter and very early diagenetic processes. These lipids, dominated by fatty acids @O-86%), account for up to 0.25%
INTRODUCTION
THE UPPER LIMIT OF planktonic photosynthetic activity is found in alkaline lakes (TALLING et al., 1973) . Primary production in neutral eutrophic lakes and marine upwelling areas usually ranges between 1,000 and 2,000 mg C/m2 -day, I.eaching up to 10,000 mg C/m2 -day in certain upwelling regions (RYTHER et al., 197 1) . Alkaline lakes generally exhibit production values between 10,000 and 15,000 mg C/m*. day (TALLING et al., 1973) and may amount to more than 20,000 mg C/m* * day (KELTS, 1988) . These environments constitute the world's most productive systems (MELACK, 198 1) and may have led to the generation of hydrocarbon source rocks (EVANS and KIRKLAND, 1988) .
The high pH of these lakes is a consequence of the high concentration of dissolved sodium carbonate which may result from groundwater wash out of sedimentary formations depleted in calcium and magnesium. Under these conditions, mineral leaching by ion exchange and concentration by evaporation may lead to a shift in the carbon dioxidelbicarbonate/carbonate equilibrium towards carbonate (TINDALL, 1988) . These systems act as a trap for atmospheric carbon dioxide (IMHOFF et al., 1979) . The dissolved carbonate is a reserve of inorganic carbon for photosynthesis that affords a larger biomass than in the corresponding neutral eutrophic lakes (TALLING et al., 1973) . Furthermore, the high pH enhances the solubility of phosphorous which also results in higher productivity (TALLING and TALLING, 1965 ).
In sodium sulphate-rich environments, alkalinity may originate from the activity of sulphate-reducing bacteria that form bicarbonate from organic carbon sources. The concentration of the dissolved salts by evaporation may also give rise to formation of carbonate-containing brines, provided that no significant amounts of calcium or magnesium are present (ABD-EL-MALEK and RIZK, 1963a,b, and c) .
The organisms living in these environments must be alkalitolerant and halophilic which severely limitates the diversity of prokaryotic and eukaryotic species. Cyanobacteria, namely Spirulina spp., currently predominate (GRANT and LONG, 1985) . In the presence of sulphur species, high concentrations of phototrophic sulphur bacteria, i.e.. Ectothiorhodosphira spp., are found (TINDALL, 1988) .
Surprisingly, the characterization of the organic matter present in these lake systems has only been undertaken in a very limited number of studies (DEGENS et al., 1973 (DEGENS et al., , 1984 , and no information is available on the molecular composition of the sedimentary record. With this in mind, we undertook a study of the composition of sedimentary lipids of the Santa Olalla Lagoon, an alkaline hypereutrophic system located in the Guadalquivir Delta, Doiiana National Park, southwestern Spain (see Fig. 1 ). To the best of our knowledge, this is the first study concerned with a detailed qualitative and quantitative analysis of the sedimentary lipids of an alkaline lacustrine environment. Data are discussed in terms of predominant input sources and early diagenetic processes. Table 1 .
MATERIALS AND METHODS

Water Analysis
Water samples were collected monthly, from October 1985 to November 1987 , at the center of the lagoon. pH (Crison pH meter) and conductivity (YSI conductivimeter) were measured during sampling. Water samples for chemical analysis were stored at 4°C. The following methods were used: alkalinity (volumetric; GOLTERMAN and CLYMO, 1969) , chloride (volumetric, AgNOS precipitation; APHA, 1980), sulphate (calorimetric; RODIER, 1975), calcium and magnesium (complexometric; APHA, 1980) , nitrate (reduction to nitrite through a Cd-Cu column; STRICKLAND and PARSONS, 1972) , nitrite (colorimetric; STRICKLAND and PARSONS, 1972) , ammonium (nesslerization after precipitation; RODIER, 1975) , and reactive soluble phosphorous (calorimetric; MURPHY and RILEY, 1962) .
Photosynthetic pigments were determined by filtration through Whatman GF/C glass fibre filters of small water volumes (i 100 mL). The nominal pore size of these filters (1.2 pm) was adequate because no photosynthetic organisms smaller than 1.2 pm could be observed by microscopic methods. After overnight extraction in cold (4°C) methanol, the absorbance of the centrifuged extracts was measured spectrophotometrically at 665 and 750 nm. The corrected absorbance at 665 nm was used to calculate the optically equivalent concentration of chlorophyll-u by the TALLING and DRIVER (1963) and VOLLEN-WEIDER (1969) methods which correspond to the measurement of the chlorophyll-a plus the phaeophorbide-a.
Samples for the study of phytoplankton species were regularly fixed with lug01 during water collection. Species identification and counting were accomplished in less than 24 h after sampling with an inverted optical microscope (Nikon, Diafort) following the technique of UTH-ERMOLH (1958) . In some cases in viva or formol-fixed samples were examined in addition to the lug01 preparations.
Sediment Sampling and Bulk Analyses
Sediments were taken by gravity coring and stored at -20°C. Before analysis they were cut into 3 cm sections, freeze-dried, and sieved through 250 pm. Aliquots of the sediments treated with 0.2 N HCl for the removal of carbonate were analyzed for organic carbon using a Carlo Erba instrument Model 1106.
Lipid Extraction and Fractionation
Molecular lipid analysis was performed by Soxhlet extraction of homogenized sediments (30 g) with 150 mL of dichloromethanemethanol (2:l) for 36 h. The extract was vacuum evaporated to 2 mL and hydrolyzed overnight with 35 mL of 6% KOH/MeOH. The corresponding neutral and acidic fractions were successively recovered with n-hexane (3 X 30 mL), the latter after acidification (pH 2) with aq. 6 N HCl. The acidic fractions, previously reduced to 0.5 mL, were esterified overnight with 15 mL of 10% BFJ/MeGH. The boronmethanol complex was destroyed with 15 mL of water and the fatty acids recovered as methyl esters by extraction with 3 X 30 mL of n-hexane. The neutral lipids were fractionated by column chromatography using a column filled with 8 g of each 5% water deactivated alumina (70-230 mesh, Merck) (top) and silica (70-230 mesh, Merck) (bottom). The following fractions were collected: (I) 20 mL of n-hexane, (II) 20 mL of 10% dichloromethane in n-hexane, (III) 40 mL of 20% dichloromethane in n-hexane, (IV) 40 mL of 25% nhexane in dichloromethane, (V) 20 mL of 5% methanol in dichloromethane, and (VI) 40 mL of 10% methanol in dichloromethane. Fraction V and VI were derivatized prior to instrumental analysis by silylation (bis@imethylsilyl)trifluoroacetamide, 100 pL, 80°C 30 min).
Derivatization of Unsaturated Components
Structural determination of double bond positions and the geometry of unsaturated molecules was performed by derivatization of aliquots of selected lipid fractions, namely hydrocarbons, fatty acids, and alcohols. Methods for the formation of epoxides and dimethyl disulphide (DMDS) adducts were used as follows.
Formation of epoxides
Quantitation
The fractions were dissolved in dichloromethane (50 rL) and treated with I50 PL of m-chloroperbenzoic acid solution (0.26 M in dichloromethane). The reaction was ctied out in a 2 mL vial closed with a Teflon-lined cap. The mixture was stirred in an ultrasonic bath for 10 min and allowed to react overnight in the dark. The resulting solution was concentrated under a stream of nitrogen and submitted to instrumental analysis.
Quantitation was performed from the GC traces. In the case of the mid-chain substituted n-alcohols, the contribution of each positional isomer to the GC peak of the corresponding homolog was determined by mass fragmentography using specific ions.
Formation of DMDS adducts
The fractions ( l-300 mg) were dissolved in carbon disulphide ( 1 mL) and treated with I mL of DMDS and 100 PL of iodine solution (58 mg of I2 in 1 mL of diethyl ether). The reaction was carried out in 5 mL tubes closed with a Teflon-lined cap and kept at 60°C for 24 h. After reaction, 2 mL of n-hexane were added and the excess of iodine was eliminated with NazSz09 solution (5% in distilled water). The mixture was vigorously shaken until decoloration. The organic layer was removed with a Pasteur pipette and the aqueous phase was extracted further with n-hexane (2 X 1 mL). The three organic extracts were combined and concentrated to 100 pL under a stream of nitrogen.
An external standard containing n-tetradecane, n-docosane, ndotriacontane, and n-hexatriacontane was generally used. A standard of 5a(H)-and S@(H)-cholestan-3-one was used for the stanones. Alcohols and sterols were quantitated using a standard of ndocosanol, S@(H)-cholestan-381, Sa(H)-cholestan-3j3-01, and 24-ethylcholest-5-en-38-01. The concentrations of fatty acids were determined by comparison with a standard of n-heptadecanoic and n-heneicosanoic methyl esters. Samples and standards were repeatedly injected until less than 5% dispersion was observed in the measured areas.
Instrumental Analysis
Gas chromatography (CC) was performed with a Carlo Erba FTV 4 160 CC instrument equipped with a flame ionization detector and a splitless injector. A 25 m X 0.25 mm i.d. column coated with CPSi18 CB (Chrompack) was used (film thickness 0.13 pm). Hydrogen was the carrier gas (50 cmes-'). The oven temperature was programmed from 60 to 300°C at 6"C*min-'. Injector and detector temperatures were, respectively, 300 and 330°C. The injection was in the splitless mode (solvent, iso-octane, hot needle technique) keep ing the split valve closed for 35 s.
Santa Olalla Lagoon belongs to the pond system located near the dunes of the E-W coastline of the Guadalquivir Delta (Fig. 1) . This lagoon is of Holocene origin (GRANADOS et al., 1988) , and its hydrologic regime depends on direct rainfall, run-off, and water table oscillations. The average water level changes from 1.9 m (spring) to 0.2 m (fall). This shallow water column combined with wind action prevents density stratification and enhances sediment resuspension. Repeated oxygen determinations have shown that most of the water column is oxic, with a permanent anoxic water layer of 4-5 cm situated above the underlying sediment.
CC coupled to mass spcctrometry (CC-MS) was performed with a Hewlett-Packard 5995 instrument equipped with an HP 300 data system. A column of 25 m X 0.2 mm id. coated with HP-5 (HewlettPackard) was used (film thickness 0.11 pm). Helium was used as carrier gas. The oven temperature was programmed from 60 to 300°C at 4"C*min-'. Injection conditions (300°C) were the same as described above. MS temperatures were: transfer line 3OO"C, ion source 200°C and analyzer 230°C. Data were acquired in the electron impact mode (70 eV), scanning between 50-650 at I s per decade.
The origin of Santa Olalla waters is continental. Climatic and topographic factors promote the transport of soluble salts and nutrients from the surrounding soil into the lagoon where they become concentrated. The low calcium and magnesium in the area leads to a shift towards carbonate accumulation in the water column, involving an increase of dissolved inorganic carbon and pH. The overall process results in a mesohaline hypereutrophic alkaline lagoon (KBLTS, 1988) where the high pH values (average 9.3, sd 0.74) are related to photosynthetic production (see Fig. 2 ). As in other alkaline hy~reutrophi~ lakes (TALLING et al., 1973; IMHOFF et al., 1979) , dense populations of cyanobacteria are found ( 1 06-10' cells/ml), usually representing 99% of the total phytoplankton biomass (see Fig. 2 ). Spirufina platensis constitutes the dominant species; at pH > 10 this organism is found as an almost pure culture. ~pi~li~a spp. are also the predominant photosynthesizes in many other alkaline lakes (GRANT and LONG, 1985) . Other cyanobacteria identified in the Santa Olalla Lagoon include Anabaenopsis circularis, A. tanganyikae, Aphanothece clathrata, Coelosphaerium kuetzingianum, and Microcystis aeruginosa. Most of these species have also been identified in other alkaline lakes (TINDALL, 1988).
RESULTS AND DISCUSSION
In episodic cases, strong rainfall may cause an important salt dilution, resulting in a decrease of planktonic productivity and pH values (see the period between January 1986 and April 1986 in Fig. 2 ). In these cases, other photosynthesizers, chlorophyta, or euglenophyta (Trachelomon~ spp.) may grow in addition to the p~ominant cyanoba~e~a. No submersed macrophytes are found in Santa Olalla sediments, although some filamentous algae (Cladophora sp., Oedogonium sp., and Spirogyra varians) have sporadically been observed in connection with these dilution episodes (TOJA et al., 1991) .
Organic Bulk Composition of Sediments and Water Particulates
The average lithology of Santa Olalla sediments corresponds to black sand (74%), silt (22%), and a low proportion of clay (4%), the finer materials being more abundant at the central part of the lagoon where sediments become sandysilty. The total organic carbon (TOC) ranges between 3.5 and 9%, showing a geographical distribution that parallels the grain-size lithology, e.g., maximum values towards the center. These high TOC contents, and consequently high proportion of sedimentary lipid material, are also consistent with the high rate of photos~thetic production of the overlying waters.
One water particulate sample and four sediment core sections, three corresponding to surface levels (sites A, B, C; Fig.  1 ) and one to a depth of 14-16 cm (site C), have been selected for lipid analysis (Table 1) . The most distinctive feature of these samples is the high percentage of free and esterified fatty acids, representing about 79-86% of the total lipids amenable to GC analysis. Free and esterified alcohols, the second fraction in terms of abundance, represent 6-17%, while the hydrocarbons amount to only 2-7%. In principle, the high proportion of sedimentary fatty acids, (i.e., fatty acid:sterol ratio of IO: 1) suggests a good preservation of the original biogenic inputs (RHEAD et al., 1977) . Furthermore, the high concentration of these fatty acids is consistent with the high productivity of the lagoon (BARNES and BARNES, 1978) .
Acyclic Non-Isoprenoid Compounds
Fatty acids
Representative chromatograms of the fatty acid composition of sediments and water particulates from the Santa Olalla Lagoon are displayed in Fig. 3 . Peak identifications and concentration ranges are given in Table 2 . These fatty , 1983) . In Santa Olalla sediments no traces of triunsaturated octadecenoic acids have been found, and only small amounts of ~~dienoic acids have been recognized (-0.7%; see Table 2 ). However, both water particulates and sediments exhibit a high proportion of hexadecenoic and octadecenoic acids. Thus, the 16:1/16:0 and 18: l/16:0 ratios are in the order of l-l.2 in the sediments and -0.5 in the particulate matter, whereas in cyanobacteria they generally range between 0.2 and 0.3 (in S. ~~ate~sis, 0.2-0.3 and O.f-0.2 for 16: 1 f l&O and 18: l/l 6:0, respectively). Variations in nutrient supply do not significantly alter the unsaturated fatty acid composition of cyanobacteria PIORRECK et al., 19841 , so that the differences between Santa Olalla samples and the presumed cyanobacterial pre-CUTSOTS must reflect other sources or processes.
The fatty acid composition of many algae contains large amounts of n-hexadec-9(Z)-enoic and n-octadec-9(Z)-enoic acids (CHUECAS and RILEY, 1969) . However, in the Santa Olalla Lagoon, the unsaturated octadecenoic acids are predominated by n-octadec-1 l(Z)-enoic acid, an isomer characteristic of many urn-ne~tive eubacteria (OLIVER and COLWELL, 1973) . This compound is synthesized by C, elongation of shorter chain monounsaturated acids (SCHEUER-BRANDT and BLOCH, 1962; WOOD et al., 1965) . Thus, the high content of n-hexadec-9(Z)-enoic acid in these samples is likely associated with the microbial production of n-octadec-1 l(Z)-enoic acid. n-Octadec-9(Z)-enoic acid may be a side product of this synthetic pathway (~HEUERB~NDT and BLOCH, 1962) . However, bacteria may also produce this compound and other A9 monounsaturated fatty acids by desaturation of the corresponding n-alkanoic acids (FULCO et al., 1964) . Besides the predominant cis double bond geometry, Table 2. the occurrence of small amounts of tram n-alkenoic acids may reflect contributions from either aerobic gram negative eubacteria (GILLAN et al., 1983) or methane or methanol utilizing bacteria (MAKULA, 1978; GILLAN and SANDSTROM, 1985) . Microbial hydrogenation of polyunsaturated acids can also represent a source of tram monounsaturated fatty acids (EYSSEN and VERHULST, 1984) . Finally, the presence of n-hexadec-lo-enoic acid may be indicative of contributions from Mycobacteria (SCHEUERBRANDT and BLOCH, 1962; HUNG and WALKER, 1970) . Table 1 . b) fatty acids analyzed as methyl ester derivatives.
FIG. 4. Representative chromatograms of the Fl hydrocarbon fractions of Santa Olalla water particulates (A) and sediments (B).
Peak identifications are in Table 3 .
The predominant bacterial origin of Santa Olalla fatty acid distributions is also reflected in the high proportion of isoand anteiso-pentadecanoic acids and other branched homologues, namely iso-and anteiso-tridecanoic acids, and isododecanoic, tetradecanoic, and hexadecanoic acids, that are commonly found in gram-positive eubacteria (CHO and SAL-TON, 1966; KANEDA, 1967). Other methyl-branched fatty acids identified in this lagoon are also characteristic of microbial sources, namely 1 O-methyl hexadecanoic and octadecanoic acids (fungi: BALLIO and BARCELLONA, 197 1; CERNIGLIA and PERRY, 1974; and Mycobacteria: JULAK et al., 1980) , and 2-methyl substituted alkanoic acids (Mycobacteria: JULAK et al., 1980) . The high proportion of iso-and anteiso-pentadecanoic acids and n-octadec-I l(Z)-enoic acid provide an evident microbial signature, particularly well defined in the sediments (Fig. 3) . However, the particulate fatty acids are also far closer to the composition reported for lacustrine microbial mixtures (MATSUDA and KOYAMA, 1977) than to the above indicated cyanobacterial fatty acid distributions. A considerable degree of microbial reworking has obviously occurred in the water column.
Another group of straight-chain fatty acids present in Santa Olalla sediments and water particulates consists of a distribution of even carbon numbered C,,+& saturated homologs. These are constituents of cuticular waxes of higher plants (KOLATTUKUDY, 1970) , and their occurrence in aquatic environments is usually associated with terrestrial contributions (FARRINGTON and QUINN, 1973) . The presence of higher plant lipids is a general feature of lacustrine sediments from temperate regions which is observed irrespective of the depositional conditions.
Hydrocarbons
Representative chromatograms of the hydrocarbons present in the sediment and water particulate extracts are displayed in Figs. 4 and 5. Peak identifications and concentration ranges are given in Tables 3 and 4. n-Heptadecane is the dominant hydrocarbon in both sediment and water particulates, a compound that usually represents algal contributions (CLARK and BLUMER, 1967; HAN et al., 1968) . Another important component in the sediments is n-octadecane, the most abundant hydrocarbon in many yeast and bacterial species (HAN and CALVIN, 1969; BIRD and LYNCH, 1974; HAN et al., 1968) . Besides these two n-alkanes, a number of hydrocarbons are also indicative of autochthonous inputs. Thus, the linear and branched C,,-Czo monounsaturated olefins are common in algae and cyanobacteria (HAN and CALVIN, 1969; GELPI et al., 1968) the methylheptadecanes are specific cyanobacterial indicators of the distributions of n-alkenes found in lacustrine environ-(HAN et GELPI et al., 1970) . ments. A significant proportion of the hydrocarbons present in Santa Olalla sediments and water particulates is related to the surrounding vegetation. The allochthonous compounds present in higher concentration constitute a distribution of C2+& n-alkanes, with a maximum at C3,-C33 and an odd carbon number preference. These distributions are indicative of contributions from higher plants (EGLINTON and HAM-ILTON, 1967) . Concurrently with these saturated hydrocarbons, there is also a distribution of CZ3-C3, odd carbon numbered n-alkenes with a maximum at CZ5. Dimethyl disulphide derivatization showed that the unsaturation is located at the terminal position in all homologs (YRUELA et al., 1990) . These n-alk-1 -ene distributions have also been observed in other lacustrine environments CARDOSO et al., 1983; ALBAIG~S et al., 1984b , CRANWELL et al., 1987 .
C2,-C2, odd numbered n-alkenes have been identified in one cyanobacterium, Anacystis montana (GELPI et al., 1970) which, in the absence of observable higher plant sources, has led to an assumption of cyanobacterial origin for the occurrence of Ci&& olefins in Antarctic soils (MATSUMOTO et al., 1990) . However, high amounts of straight chain n-alkenes have been reported in plants such as sugar cane (SORM et al., 1964) , roses (MLADENOVA et al., 1983) , and ferns (LYTLE et al., 1976) . The biosynthetic mechanism involves fatty acid decarboxylation (GORGEN and BOLAND, 1989) which is consistent with the odd to even carbon number predominance The C&C3, n-alkenes present in the Santa Olalla Lagoon are concurrent with other terrigenous components such as the C&& n-alkanes, C&C32 n-alkanoic acids, and polycyclic higher plant markers that will be discussed later. Moreover, these n-alkanes exhibit a distribution that is very close to n-alkene mixtures found in other lacustrine environments dominated by contributions from terrestrial vegetation (AL- BAIGBS et al., 1984b) . Their origin is therefore likely related to terrigenous sources. The presence of these compounds both in the water column particulates and sediments is consistent with the strong similarity in the lipid composition of these two types of samples and reflects an important degree of sediment resuspension.
Ketones
The methoxy-ethers, ketones, and alcohols were collected in fractions IV, V, and VI. Representative chromatograms of these column chromatography fractions are displayed in Figs. 6 and 7. Peak identifications and concentration ranges are given in Tables 5 and 6 .
The alkanone mixtures of Santa Olalla sediments are composed of n-heptadecan-Zone and an unimodal distribution of C2&33 n-alkan-2-ones with an odd over even carbon number preference maximizing at the CZ5 or CZ7 homologs (see Fig. 6 -FS and Table 5 ). The similarity of these profiles with those of the n-alkanes suggests that these ketones originate from the oxidation ofthese hydrocarbons (ALBAI& et al., 1984a), a process that likely occurs in the water column.
Alcohols
The acyclic alcohols consist of complex mixtures encompassing straight, branched, and isoprenoid alkan-I -01s and alkan-2-01s as well as mid-chain alcohols (see Figs. 6 and 7, and Tables 5 and 6 ). Similar to the fatty acids, the fractions studied here include both the free components and the esterified alcohol moieties.
The major classes exhibit bimodal distributions of even carbon number predominated C14-C34 n-alkan-1-01s. The lower mode (C14-C18 range) maximizes at n-hexadecan-l-01, the most abundant alcohol in the lagoon, which is currently associated with algal (WEETE, 1976) or bacterial (ALBRO, 1976) inputs. The second mode (C+& range) resembles the n-alkan-l-01 distributions found in higher plant waxes (EGLINTON and HAMILTON, 1967) .
In addition to these alcohols, several unsaturated and methyl branched species have been identified. A definite interpretation of their significance is difficult due to the limited number of studies on alcohol compositions of organisms. From a qualitative point of view, the branched and unsaturated n-alkan-l-01 components parallel the fatty acid distributions described above: the same iso-and anteiso-homologs are found, and the major n-alkenols are unsaturated at the same A9 and A" positions. A higher proportion of methyl branched compounds is, however, observed in the alcohol distributions. These branched methyl alcohols have been attributed to bacterial inputs (CRANWELL, 1980; DE LEEUW et al., 1985). They have been found in significant concentration in the alcohol fraction of diverse cyanobacterial mats (DE LEEUW et al., 1985) . In cases where the mat organic extracts were not saponified, they have been identified in the alcohol moiety of the sedimentary wax esters (D~BSON et al., 1988) .
The bacterial signature of the alcohol fraction may also be recognized by the presence of n-alkan-2-01s (CRANWELL, 1980). These compounds have been identified in the cell walls of bacteria such as Escherichia coli (NACCARATO et al., 1972) .
In this respect, the simple distribution of n-alkan-2-01s found in Santa Olalla sediments, encompassing only the C,,, Cl*, and Czo homologs (see Table 6 ), is in correspondence with the wax composition of certain bacteria (i.e., Mycobacterium phlei; ASSELINEAU, 1966).
Other contributions are also represented by the secondary alcohols. This is the case of a complex distribution of Cz3-Cj, mid-chain-substituted alcohols with odd carbon number preference in the sediments. Each homolog exhibits several positional isomers, the central and even carbon number of the aliphatic chain being the preferred sites for substitution, i.e., C-14 for nonacosanols. These types ofdistributions have been identified in the solvent extracts of several higher plants Table 5 .
The terrigenous contributions are therefore represented by a group of acyclic lipids that is dominated by the C20-C32 even carbon numbered n-fatty acids (170-350 &g) and also includes the distributions of C&& odd carbon numbered n-alkanes (15-40 &g), &,-C34 even carbon number predominated n-alkan-1-01s (20-40 Leg/g), and CZ3-C3, midchain-substituted alcohols (0.1-0.9 &g).
In addition to the secondary alcohols, several C30-C32 1,13 and 1,15 alkanediols have been identified (see compound Nos. 293, 294, 299, and 304 in Table 6 ). This mixture is dominated by ndotriacontane-1,15diol
that is found at a similar concentration as the major sterols or some hopanols. These alkanediols have also been reported in marine sediments (DE LEEUW et al., 1981; SMITH et al., 1983; TEN HAVEN et al., 1987) . Dinoflagellates and coccolithoporids were initially suggested as possible precursors (SMITH et al., 1983) but more recent studies have pointed to Eustigmatophyceae (VOLKMAN et al., 1989) or cyanobacteria (MORRIS and BRASSELL, 1988) . In the Santa Olalla Lagoon, no Eustigmatophyceae algae have been found (TOJA, pers. commun.), pointing to the abundant cyanobacteria as the likely precursors.
In another highly productive lagoon, after a detailed study of potential precursor organisms, the occurrence of these compounds has also been attributed to cyanobacteria (CRANWELL et al., 1987) . However, to date these alkanediols have only been identified in field populations of one fresh/ brackish water cyanobacterium, Aphanizomenon jlos aquae (MORRIS and BRASSELL, 1988), but they have not been found in the corresponding cultured species (DE LEEUW, pers. commun.). More information is therefore needed for a better source assignment. Particularly, more cyanobacterial species should be investigated, A. jlos aquae is not included in the thirteen species of cyanobacteria identified in Santa Olalla.
Isoprenoid Compounds
Early diagenesis of chlorophylls leads to the generation of large amounts ofphytol (JOHNS et al., 1966; Cox et al., 1972) which is subsequently transformed to other isoprenoid products. The phytol-related components found in Santa Olalla Lagoon are summarized in Fig. 8 .
Alcohols
The concentrations of free and esterified phytol (-27 pgJ g in the sediments; 3.1 pg/L in the water particulates)
Representative chromatograms of the alcohol fractions, F6, of Santa Olalla water particulates (A) and sediments (B). Peak identifications are in Table 6 . 194. 195. 196. 197. 198. 199 Table 1 . b) alcohols analyzed as trimethylsilylethers. h-tetradecan-l-o1 EL-tetradecan-l-o1 iso-pantadecan-l-al zeiso-pentadeegn-l-o1 E-pentadecan-l-o1 6.10.14-trimetbylpentadecan-Z_ol
z-cosan-2-01 n_cosan-l-01 c-heneicosan-l-al "'-docosan-l-o1 "'tricosan-l-01 c-tetracoaan-l-01 g-pentacosan-l-01 n_hexacoaan-l-01 6%fH)-cholestan-3%-ol 27-not-24-mcthyl-5%fH)-cholestan-3%-ol correspond to the second most abundant alcohol and the predominant isoprenoid compound. The presence of dihydrophytol and 6,10,14-trimethylpentadecan-2-01 is currently attributed to transformation reactions by anaerobic eubacteria (BROOKS et al., 1978) , a process which likely occurs in the anoxic sediment. However, direct microbial inputs of phytol or dihydrophytol (e.g., from the decomposition of phytenyl glycerolipids; VOLKMAN et al., 1991 ) cannot be excluded.
Fatty acids
A series of C&&, regular isoprenoid acids dominated by the Cl7 homolog is found in Santa Olalla sediments and water particulates. These acids, especially 5,9,13_trimethyltetra-decanoic acid, are indicative of oxic decomposition processes (BROOKS and MAXWELL, 1974) . Phytenic acid, another mild oxidation phytol product (IKAN et al., 1975) , has also been identified in the lagoon. Likewise, the occurrence of these acids is characteristic of transformations in the water column and subsequent accumulation of the reaction products in the sediments. Other regular isoprenoid acids not related to phytol have also been found. This is the case of 2,6,10,14,18_pen-tamethylnonadecanoate which obviously originates from isoprenoid molecules larger than CX,.
Lactones
Early diagenesis of phytol may also result in non-acidic products such as y-lactones. The two y-lactones found in Santa Olalla Lagoon correspond to the C-3 isomeric mixture of 3,7,11,1 S-tetramethyl-17-hexadecanolide (I). These have also been identified in Mangrove Lake, Bermuda (HATCHER et al., 1983) and in some ponds of Santa Pola solar saltem . Very few reports exist on the occurrence of lactones in recent sedimentary samples. Hydroxyacids and dials are the presumed phytanic y-lactone precursors (DIDYK et al., 1978) , pointing to the same type of phytol transformations as those leading to the formation of isoprenoid acids. As illustrated in Fig. 8 both 5,9 ,13-trimethyltetradecanoic acid and 3,7,11,15-tetramethyl-17-hexadecanolide (I) are major isoprenoid products in Santa OlaIla samples, which suggests a formation mechanism related with water column oxidation processes. In this respect, both Santa Olalla Lagoon and Santa Pola ponds ) exhibit shallow water columns overlying anoxic sediments. Perhaps these phytanic lactones are formed in the water column due to relatively high oxidation conditions and are protected from further transformation in the reducing environment of the bottom sediments.
Ketones and aldehydes
6,10,14-trimethylpentadecan-2-one and Z-phytenal have been identified, but in very minute amounts. These compounds are early oxidation products of phytol, being considered as possible intermediates in the formation of 5,9,13-trimethyltetradecanoic acid and phytenic acid, respectively (IKAN et al., 1973; RONTANI et al., 1990) .
Hydrocarbons
Several CzO isoprenoid hydrocarbons (phytane and various phytenes) have been found in a concentration range of two orders of magnitude lower than the oxigenated derivatives (see Table 2 and Fig. 4 ). These hydrocarbons may originate from phytol degradation (DIDYK et al., 1978) , or from direct contributions from methanogenic bacteria (TORNABENE et al., 1979) .
Other isoprenoid hydrocarbons, not related to phytol, are also found in Santa Olalla samples. Among these, squalene (II) is the component present in higher concentrations in sediments (2.0-3.8 kg/g, see Fig. 5 and Table 4 ). Squalene (II) is a major hydrocarbon in diverse cyanobacterial mats (BOON et al., 1983) . Its occurrence is associated with bacteria, fungi, and yeasts (BIRD and LYNCH, 1974) . Some methanotrophic bacteria, i.e., Methylococcus sp, contain up to 0.5 dry wt% squalene (BIRD et al., 197 1) . Squalene (II) and other C,,, isoprenoid hydrocarbons also constitute the major neutral lipids of archaebacteria (TORNABENE et al., 1979) . In Santa Olalla sediments, the relative composition of squalene (II), di-and tetrahydrosqualenes and CZO isoprenoid hydrocarbons parallels the composition of a Methanobacterium species reported by TORNABENE et al. ( 1979) . The presence of methanogenic bacteria in alkaline lakes such as Wadi Natrum (Eg~t) has recently been demonstrated (TINDALL, 1988) .
A group of CZ5 highly branched isoprenoid hydrocarbons (III) is also found in the Santa Olalla Lagoon. It is represented by two olefins, one exhibiting a diunsaturated structure and occurring in relatively high concentrations (0.8-l .3 pg/g, see Figs. 4 and S) , and the other being triunsaturated and minor. Using the epoxide de~vatization technique, we have tentatively identified the former component as 2,6,10,14-tetramethyl-7-(3-methylpent-4-enyl)pentadec-2-ene (YRUELA et al., 1990) . Highly branched isoprenoid hydrocarbons have been found in several lagoons and coastal areas (ROBSON and ROWLAND, 1986; ALBAIG& et al., 1984a,b; REQIJEJO et al., 1984) . A macroscopic seaweed Enteromor~ha proll~ra (ROWLAND et al., 1985) and diatoms (NICHOLS et al., 1988) have been reported to contain these compounds. However, the widespread occurrence of these highly branched isoprenoid hydrocarbons in aquatic environments and the small contributions of these organisms in Santa Olalla Lagoon suggest that other biogenic precursors have still to be identified.
Suiphur compounds
During the very early stages of diagenesis, the incorporation of sulphur into the isoprenoid chain is possible . Two organic sulphur compounds of this type have been found in Santa Olalla sediments, 3-methyl-2-(3,7,1 I-trimethyldodecyl)thiophene (IV) and 3-(4,8, lZtrimethyltridecyl)thiophene (V). These, in turn, are the major thiophenes found in other sedimentary basins, and their isomerit distribution is consistent with the composition found in nonhy~r~line basins RULL-K~TTER et al., 1988) . No isoprenoid thiolanes have been found, which is also consistent with the results observed in other recent lacustrine environments . The presence of these thiophenes witnesses the activity of sulphate-reducing bacteria in the anoxic sediments.
Fhytany~-gi~)cerol ethers
Ether-linked glycerolipids are generally representative of archaebacteria (LANGWORTHY et al., 1982) . A detailed characterization of the sedimentary glycerol ethers is beyond the scope of the present study, but some relatively low molecular weight species are amenable to GC analysis by ~methylsilyl de~vati~tion. In this respect, notable amounts of di-O-phytarry1 glycerol (VI) have been found in Santa Oh-&a sediments (0.8-3.7 rg/g) and water particulates (0.17 pg/L). This compound is characteristic of halophilic (KATE& 1978; KUSH-WAHA et al., 1982) and methanogenic (TORNABENE and LANGWORTHY, 1978; archaebacteria. The occurrence of h~ophiles in Santa Olalla Lagoon is unlikely because of insufficient water salinity (0.6% whereas at least 5-10% are required; KATES, 1978) , so that the occurrence of di-0-phytanyl glycerol in this lagoon can be attributed to the activity of methanogens. In fact, qu~ti~tion of di-0-phytanyl glycerol has been proposed as a method for biomass measurement of methane-forming bacteria in environmental systems where the presence of halophiles can be excluded (MARTZ et al., 1983) . Chromans 2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-chroman (VII) has been found in the sediments of Santa Olalla Lagoon at low concentrations. This compound has been tentatively identified by comparison with reference mass spectral data (SINNINGHE DAMSTE et al., 1987) . Although the com~nents of the chroman series seem to be structurally related to tocopherols, no diagenetic link has yet been established between both types of molecules, nor is a biogenic source known for their occurrence in the geosphere.
Steroids
The steroid composition of Santa Olalla samples is described in Tables 3, 5 , and 6, and Figs. 4, 5, and 7. Sterols are the major constituents of this lipid group (2.9 pg/L and 65 pg/g in the water particulates and sediments, respectively); unsaturated steroid hydrocarbons (0.8 fig/L and 3.1 lrgig in water particulates and sediments, respectively) and steroid ketones (0.2 pg,/g in sediments) are also present.
Sterols
Representative chromatograms of the alcohol fraction in sediments and water p~c~ates are shown in Fig. 7 . Although cholest-5-en-38-01 (VIIIa) and cholestan3Sol (IXa) predominate, 24-ethylcholest-5-en-30-01 (VIIIc) and 24-ethylcholestan-3/3-ol (IXc) are usually found in similar concentrations. The 24-methyl sterols are relatively depleted.
According to the sterol compositions indicated in Table  6 , the average 24-methylchol~t-Sun-3~~1 (VIIIb):24~thyl-cholesta-5,22-dien-3$ol (Xc):24-ethylcholest-5-en-3~-ol (VIIIc) ratios for the water particulates and sediments are 1: 2.3:3.0 and 1:3:5, respectively. In marine environment studies, these values have been observed to be indicative of higher plant origins (VOLKMAN, 1986) . However, this criterion of evaluation cannot be directly extrapolated to the Santa Olalla Lagoon because the sterol composition of some cyanobacteria is characterized by a relative high proportion of 24-ethyl sterols (NES and MCKEAN, 1977; NISHIMURA and KOYAMA, 1977) , providing ratios between 1: 1.3: 1.3 and 1:26:60 (PA-OLETTI et al., 1976; KOHLHASE and POHL, 1988) . In particular, the composition of S~i~~ina plat~sis, the most abundant cyanobacterium identified in the lagoon exhibit a ratio of 1:7:51 (PAOLETTI et al., 1976) . The predominant C& homolog of Spirulina platensis is 24(S)-ethylcholest-5-en-3&ol (clionasterol) (PAOLETTI et al., 1976) , whereas &sitosterol, the characteristic higher plant sterol, is the corresponding 24R isomer. Nevertheless, the elucidation of the sterol C-24 stere~hemist~ has not been attempted in the present study. The occurrence of 24-ethylsterols in cyanobacterial mats has been attributed to cyanobacteria or diatoms (EDMUNDS and EGLINTON, 1984) .
In addition to these major sterols, several 4a-methyl sterols have also been identified (compounds Nos. 287, 288, and 290 in Table 6 ). 4cy-methyl sterols are generally considered to represent contributions from dinoflagellates (BOON et al., 1979; ROBINSON et al., 1984) . Particularly, 401, 23, (H)-cholest-22(E)-en-36-01 (dinosterol, XI) is widely accepted as a specific dinoflagellate marker. In some cases, this species has been considered as a very unlikely precursor (EDMUNDS and EGLINTON, 1984; NICHOLS et al., 1990) , but an alternative algal source for dinosterol still remains to be positively identified. In fact, the presence of this sterol in the Santa Olalla Lagoon can reflect dinoflagellate inputs. As illustrated in Fig. 2 , primary producers other than cyanobacteria are found in significant amounts during short periods. However, several 4a-methyl-24-ethyl stenols and stanols have recently been identified in cyanobacteria (KOHLHASE and POHL, 1988) and prymnesiophyte algae of the genus Pavlova (VOLKMAN et al., 1990) . This suggests that the occurrence of 4a-methyl-24-ethyl-5a
(H)-cholest-22(E)-en-30-01 (XII) and 4cu-methyl-24-ethyl-5a (H)-cholestan-3/I-01 (XIII) in the lagoon may also reflect cyanobacterial inputs.
Another distinct feature of the sedimentary sterol distributions of the Santa Olalla Lagoon is the large proportion of stanols. These may originate from direct biogenic inputs (NISHIMURA and KOYAMA, 1977; VOLKMAN et al., 1981) including cyanobacteria (KOHLHASE and POHL, 1988) or from in situ hydrogenation processes (GASKELL and EGLIN-TON, 1975; NISHIMURA, 1977) . The strong similarity between the sedimentary distributions of A5-sterols and 5a(H)-stanols (also observed for the A** compounds) and the presence of 5/3(H)-stanols in significant proportions are indicative of the hydrogenation processes. This conversion is generally accepted to occur via A4 sten-3-ones (EDMUNDS et al., 1980; ROBINSON et al., 1984) . However, very few stanones, and no A4 sten-3-ones, have been found in the sediments of the Santa Olalla Lagoon. The role of stanones as intermediates seems to be affected by the redox potential of the sedimentary system. In highly reducing environments the transformation has been observed to occur by direct conversion (MERMOUD et al., 1984) . The Santa Olalla Lagoon sediments are likely one of these environments. Further details on the significance of the distributions of stanols in this lagoon are given elsewhere .
Steroidal ketones
Steroidal ketones have been found as minor sedimentary constituents. Among them, (H)-cholestan-3-one (XIV) and 24-ethylcholesta-3,5-dien-7-one (XVc) have been identified. These compounds are likely oxidation products of 4a-methyl-24-ethyl-5a (H)-cholestan-3P-01 (XIII) and 24-ethylcholest-5-en-36-01 (VIIIc), respectively. The formation of cholesta-3,5-dien-7-ones (XV) is considered to be mediated via hydroperoxides that are subsequently dehydrated at C-3 ( VAN LIER and SMITH, 1970; HOLLAND and DIAKOW, 1979) . The presence of these steroid ketones is consistent with the above described occurrence of 6,10,14-&i-methylpentadecan-2-one and probably represents an additional example of the water column oxidation processes.
Unsaturated steroid hydrocarbons
Sterenes (0.6-1.3 rig/g)) and steradienes ( 1.3-2.1 rig/g)) constitute the predominant steroid hydrocarbons in the sediments of the Santa Olalla Lagoon. Steratrienes (0.43-0.74 rig/g)) and steratetraenes (0.025-0.060 rig/g)) are found in minor proportion. The sterene series is represented by a distribution of C27-C29 ster-2-enes (XVI) maximized at C2,. The steradiene distribution consists of stera-3,5-dienes (XVII; the predominant components), stera-N,22-dienes (XVIII), and stera-5,24(28)-dienes (XIX), respectively, maximizing at their C27, C29r and C2* homologues.
The occurrence of sterenes in recent sediments is currently attributed to sterol dehydration (DASTILLUNG and AL-BRECHT, 1977) . Accordingly, there is a direct correspondence between ster-Zenes (XVI) and stanols (IX) and between stera-3,5-dienes (XVII) and As-stenols (VIII). The steratrienes may also be formed from A5-stenols via steroid diol intermediates. The stera-N,22-dienes (XVIII) are possibly related to A*'-stanols. They may also originate from dehydration of A5.**-stenols (XI) to A3,5,22 -steratrienes, hydrogenation to A'.*'-steradienes, and subsequent isomerization (DE LEEUW et al., 1989) . Some of these processes may be microbially mediated (WAKEHAM, 1987) .
Hopanoids and Gammaceroids
Tetrahymanol (XX; average concentration 14 pg/g), 17& (H),21@(H)-hopan-22-01 (XXI; 13 rg/g), and 17/%(H),210 (H)-bishomohopanol (XXllb; I1 pg/g) constitute the predominant polycyclic molecules in Santa Olalla sediments which also contain high concentrations of 17P(H),21P(H)-bishomohopanoic acid (XXIII; 9 pg/g). In the water particulates, 17P(H),2 l@(H)-bishomohopanoic acid (XXIII) and tetrahymanol (XX) are the predominant polycylic species, 4.6 and 1.1 pg/L, respectively. 17/3(H),2 I @H)-bishomohopanol (XXlIb) is also present in significant concentration in the water particulates (0.36 rg/L), but no 17@(H),21P(H)-hopan-22-01 (XXI) has been detected in this lagoon compartment.
The widespread occurrence of tetrahymanol (XX) in coastal marine sediments has recently been reported (VEN-KATESAN, 1989; TEN HAVEN et al., 1989; VENKATESAN et al., 1990) . This compound has also been observed in algal or microbial mats from hypersaline systems (VENKATESAN, 1989; BARBE et al., 1990) and its occurrence in the Santa Olalla Lagoon expands further the diversity of environments where gammacerol is present. Ferns (ZANDER et al., 1969) the lumen fungus Piromonas communis (KEMP et al., 1984) , the phototrophic bacterium Rhodopseudomonas palustris ( KLEEMANN et al., 1990 ) and the protozoan Tetruhymena pyriformis (CONNER et al., 1968) constitute the known biogenie tetrahymanol (XX) precursors. The protozoans distributed in the mud layer that overlies Santa Olalla sediments usually range between 50 and 100 ind/mL, and occasionally they reach up to several thousand ind/mL. The more abundant species is Platynematum socials and corresponds to the same family (Frontoniidae) as T. pyriformis. Other frequent protozoans in the lagoon, Frontonia marina and Uronema ufl marinus, are also from the Frontoniidae family (PEREZ CABRERA and TOJA, 1989). T. pyrijkmis has not been identified but its presence is not excluded. However, as indicated in other studies (VENKATESAN, 1989; TEN HAVEN et al., 1989) , the presence of tetrahymanol (XX) in the lagoon perhaps corresponds to contributions from other organisms that still remain to be identified. The recent identification of this compound in a prokaryotic organism (KLEEMANN et al., 1990) gives a further ground to this hypothesis.
Tetrahymanol (XX) has been found to be concurrent with gammacer-2ene and gammacerane in sediment samples from ancient lacustrine environments (TEN HAVEN et al., 1989) , pointing to a strong precursor/product relationship. However, neither gammacerane nor gammacer-Zene have been identified in the Santa Olalla Lagoon. The absence of this unsaturated compound is particularly significant because dehydration seems to occur in the case of other polycyclic molecules such as the sterols, a difference that suggests a higher stability of gammacerols compared to sterols with respect to dehydration. Conversely, oxidation may be a more likely tetrahymanol transformation process. Based on a very good correspondence with the mass spectrum reported by TEN HAVEN et al. ( 1989) , we have tentatively identified gammacer-3-one (XXIV) both in the sediments and water particulates. In a similar way as for the above described steroid ketones and 6,10,14-trimethylpentadecan-2-one, this gammacerone represents an oxidation product that is likely produced in the oxic water column.
ticulates and sediments, respectively, is in correspondence with the redox conditions prevailing in these two lagoon compartments and is also consistent with the trends observed in other sedimentary areas between the distributions of hopanoid compounds and the oxic/reducing conditions of the depositional environment (GRIMALT and ALBAIG& 1990) . The decomposition of polyhydroxyhopanes may also give rise to hopanoid components with other functionalities such as hopanones [e.g., adiantone (XXVIII)] in a similar way as the processes leading to the formation of gammacer-3-one, steroid ketones, and the Cls isoprenoid ketone.
Other Triterpenoids 17/3(H),2 1 B(H)-hopan-22-01 (diplopterol) (XXI), the second major polycyclic compound in Santa Olalla sediments, is an abundant product in many bacteria (ROHMER et al., 1984) , although it can also be related with Tetruhymena inputs (CONNER et al., 1968) . This compound is absent in the lagoon waters which may reflect a low stability in oxic or suboxic conditions. In this respect, both the sediments and water particulates exhibit an important concentration of diploptene (XXV) which may represent a diplopterol dehydration product (VENKATESAN, 1988 (VENKATESAN, , 1989 .
In addition to the hopanoids and gammaceroids, LY-and Bamyrin (XXIX and XXX, respectively) have been identified. These ursane and oleanane compounds are common constituents of higher plants (CHANDLER and HOOPER, 1979; PANT and RASTCK~I, 1979; DAS and MAHATO, 1983) . In some cases, the same triterpenoid structure exhibits various oxygenated derivatives, namely oxo-, hydroxy-, and 3Bmethoxy-components. This is illustrated in Fig. 9 (peaks Nos. 159, 280, and 223) where the mass spectra corresponding to fern-9( 1 I)-en-3&ol (XXXIb), 3/3-methoxyfem-9( 1 l)-ene (XXXIc), and fern-9( 1 l)-enone (XXXId) are shown. Their A-C ring moieties are represented by the m/z 273 (XXXIb), 331 (XXXIc), and 257 (XXXId) mass fragments that, similarly to the molecular weight ions, reflect the functional group present in each structure. These compounds have been tentatively identified by comparison with reference mass spectra and retention time data (BRYCE et al., 1967b; NISHIMOTO et al., 1968) .
The presence of diploptene (XXV) in the lagoon may also correspond to direct biogenic inputs. This compound is an abundant constituent of cyanobacteria (GELPI et al., 1970) and other prokaryotes (DE ROSA et al., 1971; OURISSON et al., 1979) . Other hopanoid hydrocarbons present at lower concentrations:
17@(H),2 l@(H)-hopane (XXVI), 22,29,30-t&nor-hop 17(2 1 )-ene (XXVIIa), hop1 7(2 1 )ene (XXVIIb), and an hopene (No. 143 in Table 4 ) exhibiting a mass spectrum similar to that of diploptene but eluting at shorter retention time (DASTILUNG, 1976; FARRAN et al., 1987) , may also be indicative of direct inputs from prokaryotic organisms (HOWARD et al., 1984) , including cyanobacteria (BOUDOIJ et al., 1986) . Some of them, namely the hop17(21)-enes, may also be early transformation products of diploptene (ENSMINGER, 1977) .
3/3-Methoxyfem-9( 1l)ene (XXXIc) has been identified in Graminae (BRYCE et al., 1967a,b; NISHIMOTO et al., 1968) . In fact, this compound was initially referred to as arundoin because it was found in a grass designated as Arundo conspicua (later identified as Cortaderiu toetoe). In this first characterization an oleanoid structure was attributed to the compound (EGLINTON et al., 1964) , but later the femene ring system was established (EC fiied&ohop9( 1 l)-ene; BRYCE et al., 1967a) . Its occurrence in the Santa Olalla Lagoon may be representative of the surrounding gramineous vegetation (Agrostis sp).
Another isomer, fern-7-en-3@-ol (XXXIIb), and the corresponding hydrocarbon, fern-7-ene (XXXIIa), have also been identified. Their occurrence may also be related to the vegetation surrounding the lagoon. However, femenes have also been identified in microorganisms (HOWARD et al., 1984) and have been found in sedimentary environments devoid ofhigher plant inputs . In some cases, their occurrence has been attributed to microbial sources (BRASSELL et al., 1980 ). 17/3(H),21/3(H)-bishomohopanol (XXIIb) and the other Other oxo-, hydroxy-, and methoxy-triterpenoid compohopanoid alcohols (Table 6 ) may also originate from pronents have also been found but not yet fully identified. One karyotic organisms (FORSTER et al., 1973; set of representative mass spectra is displayed in Fig. 9 (peaks 1979), including cyanobacteria (ROHMER and OURISSON, Nos. 1.57, 270, and 214) which illustrates the occurrence of 1976). 17/3(H),21/3(H)-bishomohopanoic acid (XXIII) and these functional groups in the same triterpenoid structure. A the other hopanoic acids (Table 2) are likely transformation strong m/z 206 mass fragment is characteristic of the polyproducts of the extended polyhydroxyhopanes. The predomcyclic ring system. The occurrence of 3&methoxytriterpen-inance of carboxy-and hydroxy-hopanoids in the water paroids has rarely been reported in sedimentary environments.
Aromatic Hydrocarbons
Several polycyclic molecules resulting from the partial aromatization of diterpenoid and triterpenoid compounds have been identified (see Table 4 ). Thus, 17-norsimonellite (XxX111) is a dehydrogenation product of abietane-type diterpenoids (SIMONEIT and MAZUREK, 1982). 3,4,7,12a-(XXXIVa)and3,3,7,12a-(XXXIVb)tetramethyl-l,2,3,4,4a,-11,12,12a-octahydrochrysene and 3,3,7-trimethyl-1,2,3,4-tetrahydrochrysene (XXXV) originate from higher plant pentacyclic triterpenoids, i.e., amyrins, fiiedelin, etc. This aromatization process involves the loss of the oxygenated Aring and subsequent progressive aromatization from ring B to D (LAFLAMME and HITES, 1979; WAKEHAM et al., 1980) . Trimethylchrysenes, the end products of these transformation pathways, are also present. These processes may be microbially mediated (TRENDELL et al., 1989; WOLFF et al., 1989) . In any case, from a quantitative point of view, these aromatic hydrocarbons represent only minor contributions to the sedimentary record of the lagoon.
CONCLUSIONS
High amounts of lipids have accumulated in the sediments of the Santa Olalla Lagoon (0.12-0.25%). These are mainly composed of fatty acids (79-84%) in a proportion approaching that of algae. These bulk characteristics are concomitant with the hypereutrophic conditions of this lacustrine system, but the qualitative composition of the fatty acids as well as that of the acyclic alcohols indicate that intense microbial reworking has taken place at the first stages of sedimentation. Thus, eubacterial lipids (e.g., n-octadec-1 1-enoic acid, isoand anteiso-pentadecanoic acids) are predominant, and the abundance of di-0-phytanyl glycerol and tetrahydrosqualenes also indicates an important activity of methanogens. The presence of tram n-alkenoic acids may be indicative of contributions from methane-utilizing bacteria. This microbial signature is observed both in the sediment and water column, being particularly well defined in sedimentary samples.
In this way, the cyanobacterial lipid record is obscured. Hopanoids, C2,& sterols, n-heptadecane, and C3&& 1,13 and 1,15 diols are the main lipid contributions of the abundantly present organisms in the water column ( 106-10' cells/ mL) to the underlying sediments. Unfortunately, most of these compounds are common constituents of prokariots and algae, so that their usefulness for the evaluation of the significance of cyanobacterial inputs to the lacustrine system is limited. Only the distribution of n-alkanediols may be specifically assigned to cyanobacterial sources. Other specific markers such as the methylheptadecanes are found only in minute amounts (0.5-0.8 cLg/g).
Higher plant wax components are also well represented. Distributions of C&J32 even carbon numbered n-alkanoic acids, long chain (>C22) odd carbon number n-alkanes and n-alk-1 -enes, C&& even carbon number predominated n-alkan-1 -ols, and C&-C3, mid-chain-substituted alcohols are easily recognized. More specific compounds corresponding to the vegetation surrounding the lagoon, namely oxo-, hydroxy-, and methoxy-triterpenes, are also encountered. Some of them are found with the same functional groups as in the source vegetation, e.g., 3/3-methoxy triterpenes, indicating a good degree of preservation of the tenigenous lipids, which contrasts with the strong microbial reworking of the cyanobacterial components.
In addition to these lipids, there is a group of major compounds in the samples analyzed, namely the Cz5 highly branched isoprenoid alkenes and tetrahymanol, whose significance is unclear. The organisms previously reported for their occurrence in other environments are very minor or absent in the lagoon, which suggests that they may correspond to other biogenic precursors.
Besides bacterial reworking, the main diagenetic processes observed in the lagoon involve hydrogenation, dehydration, and oxidation. The former is essentially reflected in the transformation of A' sterols to Sa(H)-and 5/3(H)-stanols. The second gives rise to the transformation of sterols into sterenes and, possibly, 17/3(H),2 1/3(H)-hopan-22-01 into diploptene. Oxidation is essentially occurring in the water column and involves the formation of 5,9,13_trimethyltetra-decanoic acid, 3,7,11,15-tetramethyl-17_hexadecanolides, Z-phytenal and 6,10,14-trimethylpentadecan-2-one from phytol, the partial transformation of sterols into steroid ketones, and, probably, tetrahymanol into gammacer-3-one. The abundance of adiantone and bishomohopanoic acid in the water particulates can be attributed to the oxidation of extended polyhydroxyhopanes or the C30-C33 hydroxyhopanes found in the lagoon.
